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ABSTRACT
An experimental study of inclusive hadron production
by neutrinos from protons is reported. The data are
based on a sample of approximately 450 charged current
events in the energy range 15-200 GeV obtained using

the 15-Ft. bubble chamber filled with hydrogen. Trans-—

verse momentum distributions and distributions in z =

plab/v are presented for positive and negative_hadrons.
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I. INTRODUCTION

In a previous paper® results of a study of the reaction
v,p u~ + hadrons (L)

were presented based on a sample of approximately 450 events in
the energy range 15-200 GeV obtained using the 15-Ft. bubble
chamber at Fermilab. In this paper the results of a study of

some features of the reaction
v,p ¥ h + hadrons {2)

where h represents any single hadron are presented based on the
same event sample.
IXI. ANALYSIS

In this experiment as has been discussed in Ref. 1 the npeu-
trino energy E, and the direction of the 3-momentum transfer are
not known precisely. For this reason in this study attention is
concentrated on the component of the transverse momentum of the
hadron measured out of the plane defined by the muon and the
incoming neutrino. This variable is referred to as P out and
should be unaffected by uncertaintiés due to missing neutrals.

In this experiment it is not generally possible to.make
a unigue mass assignment for the charged tracks except at_ low
momentum. For tnis reason in this study no attempt has been
made to separate the data for different hadron masses. Positive

hadrons are éxpected to be predominantly a mixture of pions and
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protons. Negative hadrons are expected to be predominantly

pions. The variable z is defined by the relation
z = Plab/V (3)

where Plab is the momentum of the hadron in the laboratory frane

and v is the energy transfer to the hadrons.

The methods of anélysis used in this study are identical
to the methods ocutlined in Ref. 1. The Qata cuts discussed in
Ref. 1 have been made and in addition events yith Y > 0.9 (y =
v/E) have been excluded. This cut is expected to eliminate more
than 90% of the background due to antineutrino events which
might otherwise have an important effect on the distributions.
Within these cuts the residual backgraund of antineutrino events

in the sample estimated to be less than 0.5%.
II1. RESULTS AND CONCLUSIONS

Figure la shows the mean value of Pp oit for positive had-
xons as a function of z. Figure 1lb shows the same thing for
negative hadrons. At small z (z < 0.2) the mean value of Py oﬁt
increases with increasing z. For z < 0.2) the mean value of
Py o:t increases with increasing z. For z > 0.2.the:e is no
strong z-dcpeindence and the two data sets are consistent. For

z > 0.2 the datajgives
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2

> = 0.122 & 0.006 GeV (4)

< Pr o:t
for positives and ncgatives combined. For fixed z the mean
value of oit is found to be essentially independent of neu-—
trino energy. |
" The transverse momentum Py of hadrons relative to the direc—-
tion of the 3-momentum transfer has been measuxed in electron'and
muon scattering experiments.?’? It has been observed that the

Pp distribution can be described by a relation of the form

2
dN/dPT2 « e PPy (s)

If the hadrons are produced with azimuthal symmetry about the

direction of the 3-momentum transfer then {(5) implies

2
aN/dp . = e PPr out (s)
. 2 o-1
with b= 2 <pp 53 (7)

Using Egq. 7) the result (4) implies b = 4.10 * 0.20 Gthz

for =z > 0.2. Figure 2a shows the distribution dN[dPT out

plotted as a function of oﬁt for positive hadrons with z
> 0.2. Figure 2b shows the same thing for negative hadrons.

In each case the straight line which has been normalized to

the data is the relation (6} with b = 4.1 Gev_z. tWe conclude

that the relation (6) provides a good description of our data
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over the range p, oit = 0.01 - 1.0 Gev2. Note that if the data

for smaller z are included then values for b in the range 5-6

GeV_2 are obtained. These results appear to be consistent with

. . . 2,
the measurements made in electron and muon scattering experiments

Figures 3a.and 3b show the z distributions dN/dz for positive
and negative hadrons respectively for events in the energy range
15-30 GeV. The z distribution dN/dz measures the number of hadrons
produced with momentum fraction z, per unit z, per event. Figures
3c and 32 show the same thing for events in the energy range 30-200
GeV. 1In cach case the distribution is peaked to smallexr z at the

higher energies.

In the guark parton model z-distributions measured in neutrino
scattering experiments at sufficiently high energy have a simple
interpretation® If we ignore the contribution of antiquarks and
strange quarks in the proton then the distributions dW/dz for posi-
- tive and negative hadrons represent the probability that a recoiling
u-guark produces a positive or negative hadron with momentum frac-
tion z. Similarly in eclectron protoﬁ scattering one might expect
that the recoiling guark should be a u-quark, at least predominantly,
and that the distribution of forward hadrons in electron proton and
neutrino proton scattering might be similar. In figures 3a-3d the
broken points show the corresponding data® for electron proton
scattering taken from Ref. 2. While the neutrino data and the elec—
tron data are qualitatively similar it is apparent that the produc-

tion of positive hadrons in the neutrino reaction is more copious
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than in the electron recaction and there is Ssome indication that
the reverse is true for negative hadron production. The dis—
crepancies are particularly apparent for large z and at low enerqgy.
We thank the members of the neutrino laboratory at Fermilab
and the scanning and measuring staffs in our respective labora-—

tories for their contribution to this experiment.
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'The electron data are actually plotted against x = pL/pL max
measured in the centexr of mass. In making this comparison we
ignore the small difference between x and z for x > 0.1. The
electron data shown in figures 3a2-34 is plotted for a range
in 4-momentum transfer sguared given by Q2 = 2-3 Gev? and a

2 2

range in hadron invariant mass squared given by W~ = 12-30 Gev™.
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Fig. 1: The mean value of-pT oit plotted as a functian of 2z

for a) positive hadrons and b) negative hadrons. The
straight line corresponds to < Pp oit > = 0.122 Gev2

and represents the mean of the data for z > 0.2.
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Fig. 2(a). The distribution dN/py o, for z > 0.2 plotted as a function P outz
for positive hadrons., The straight line shows the expected distribution

(6) for b = 4.1 GeV ™2,



-“40-

~10F

dN/dR, HADRONS/GeV/EVENT

b) NEGATIVES
Z>02

2
e "'4.' PTOUT

Fig. 2(b), The distribution dN}p-r

for z > 0.2 plotted as a function

for negative hadrons, Tife straight line shows the expected distri-

P
botiZSt(6) for b = 4.1 GeV 2,
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Fig. 3a). The distributions dN/dz for positive hadrons.for events

with E = 15-30 GeV. The broken data points represent ep data
trom Rel. 2. '
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Fig. 3(b). The distributions dN/dz for negative hadions for events with E = 15-30
GeV. The broken data points represent ep data from Rel. 2.
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Fig. 3{c). The distributions dN/dz for positive hadrons for events with E = 3’

200 GeV. The broken data points represent ep data from Ref. 2.
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Fig. ¥d}. The distrivbutions dN/dz for negative hadrons for events with
E = 30-200 GeV. The broken data points represent ep data from Rel. 2.



